A new anamorphic yeast species, Candida sojae Nakase et al., is proposed for two strains isolated from an extraction process of water-soluble substances of defatted soybean flakes. Candida sojae resembles Candida tropicalis and Candida albicans, but differs from these two species by mol % G + C, DNA-DNA relatedness, electrophoretic enzyme patterns, and the proton magnetic resonance spectra of cell wall mannans. Practically, C. sojae is distinguished from C. tropicalis and C. albicans by its inability to ferment maltose and low maximum growth temperature below 40°C. It is also distinguishable from C. tropicalis and C. albicans serotype A by the lack of agglutination with mouse monoclonal antibody CA4-2.
Nakase and coworkers (8) carried out taxonomic studies on 71 strains of yeasts and yeast-like fungi isolated from an extraction process of water-soluble substances of defatted soybean flakes. They identified these strains as 16 species in the genera Saccharomyces, Candida, Kloeckera, Pichia, Rhodotorula, Torulopsis and Geotrichum. Two new species, Pichia nonfermentans (6) and Candida rugopelliculosa (5) were described based on these isolates. The former species is now considered as a strain of Arthroascus javanensis (3). Six strains were reported to coincide with Torulopsis holmii var. acidi-lactici. They considered that this variety represents a different species from Torulopsis holmii based on a great difference of mol% G + C and suggested the name T acidi-lactici for this variety. Later, Yarrow (19) described this species as Candida miller because the name T. acidi-lactici is not permitted by the International Code of Botanical Nomenclature.
In the study mentioned above, Nakase et al. (8) could not identify two strains as any known species and retained them as Candida sp. though they pointed out the resemblance of these strains to Candida tropicalis. After the detailed comparative study on these strains, C. tropicalis and Candida albicans, these two strains are described as a new species, Candida sojae, in this paper.
MATERIALS AND METHODS
Strains employed. Two strains, JCM 1644 (=AJ 4787) and JCM 1645
(=JCM 4788), were used in the present study. These strains were isolated from an extraction process of water-soluble substances of defatted soybean flakes (8) . The type strains of Candida albicans (JCM 1542) and Candida tropicalis (JCM 1541) were used for comparative study. Investigation of taxonomic criteria. Most of the methods employed for the examination of morphological, physiological and biochemical characteristics were those described by Walt and Yarrow (17) . Assimilation of nitrogen compounds was investigated on solid media with starved inoculum. Vitamin requirements were investigated according to Komagata and Nakase (2) . The maximum growth temperature was determined in YM broth using metal block baths.
Investigation of chemotaxonomic criteria. Extraction and purification of ubiquinone were carried out according to Nakase and Suzuki (10,11) using cells harvested in the stationary phase. Ubiquinone isoprenologues were identified by high performance liquid chromatography (HPLC).
DNAs were isolated and purified according to Nakase and Suzuki (9) . The DNA base composition was analyzed by HPLC after the hydrolysis of DNA according to the procedure reported by Suzuki (12) as described in a previous paper (7) .
DNA-DNA reassociation experiment was carried out by membrane filter technique as previously reported (9) . Cellular polysaccharides were extracted with hot alkali and purified as a copper complex according to the method reported by Gorin and Spencer (1). Monosaccharide composition was analyzed by HPLC as described by Suzuki and Nakase (13) . Proton magnetic resonance spectra were determined in deuterium oxide solution at 70°C with a JNM-GX 500 MHz nuclear magnetic resonance spectrometer (JEOL Ltd., Tokyo, Japan) as described previously (14) .
The electrophoretic enzyme patterns were examined by the method of Yamazaki and Komagata (18) .
Investigation of serological characteristics. Serological characteristics were investigated by slide agglutination tests with factor antisera. CANDIDA CHECK (Iatron Lab., Tokyo, Japan) was used as factor antisera, which were prepared from polyclonal antibodies by absorption technique and followed the terminology of Tsuchiya et al. (15) . A monoclonal antibody CA4-2 is that reported by Miyakawa et al. (4). CA4-2 is recognized to correspond to polyclonal factor 6. RESULTS 
AND DISCUSSION
Description of new species Candida sojae Nakase, Suzuki, Takashima, Miyakawa, Kagaya, Fukazawa et Komagata, sp. nov.
In liquido YM, post 3 dies ad 25°C, cellulae rotundae aut sub-ovoideae, 3-6.5 X 3.5-8 ,um, singulae vel binae. Anulus et sedimentum formantur. In agaro YM post unum mensem ad 17 ° C, cultura flavo-glauca vel flavo-albida, glabra, semi-nitida, mollis, margine erosa aut ciliata. Glucosum, galactosum et sucrosum (lente et exiguum) fermentantur at non maltosum, lactosum, raffinosum nec melibiosum. Glucosum, galactosum, L-sorbosum, sucrosum, maltosum, cellobiosum, trehalosum, melezitosum, amylum solubile, D-xylosum, D-ribosum (lente et exiguum, vel nullum), ethanolum, glycerolum, ribitolum, D-mannitolum, Dglucitolum, a-methyl-D-glucosidum, salicinum (lente et exiguum, vel nullum), glucono-o-lactonum, acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum DL-lacticum (lente et exiguum, vel nullum), acidum succinicum et acidum citricum assimilantur at non lactosum, melibiosum, raffinosum, inulinum, L-arabinosum, D-arabinosum, L-rhamnosum, erythritolum, galactitolum, acidum D-glucuronicum, acidum D-galacturonicum nec inositolum. Kalium nitricum non assimilatur. Maxima temperatura crescentiae: 39-40°C. Ad crescentiam biotinum necessarium est. Diazonium caeruleum B negativum. Proportio molaris guanini + cytosini in acido deoxyribonucleico: 30.9-31.2 (per HPLC). Ubiquinonum majus: Q-9. Teleomorphosis ignota.
Holotypus: Isolata ex extracto sojae, Kawasaki, Japan, 1961, S. Konishi, JCM 1644 (originaliter AJ 4787) conservataur in collectionibus culturarum quas "Japan Collection of Microorganisms," Wako, Saitama sustentat.
Growth in YM broth: After 3 days at 25°C, cells are round to short oval, 3-6.5 X 3.5-8,um, single or in pairs (Fig. 1A) . A ring and a sediment are formed. After one month at 17°C, a ring may be present.
Growth on YM agar: After one month at 17°C, the streak culture is yellowish white to yellowish grey, smooth, dull-shining, soft, and has an erose to ciliate margin.
Slide culture on potato dextrose agar: Well-developed pseudomycelia are produced (Fig. 1B) .
Sexual reproduction: Not observed. In a previous paper, Nakase et al. (8) pointed out the resemblance of taxonomic characteristics of Candida sp. AJ 4787 (=JCM 1644) and AJ 4788 (= JCM 1645) to Candida sake but lower mol% G + C rejected their identity with this species. Further, they discussed the close relation of these strains to C. tropicalis based on the similar mol ° o G + C and traditional taxonomic characteristics but they did not identify these strains as that species because the lack of true hyhae, latent and weak fermentation of sucrose, and the lack of maltose fermentation. These characteristics also resemble C. albicans. Therefore, we carried out the detailed comparative studies of these two strains of Candida sp. and the type strains of C. tropicalis and C. albicans, and concluded that these unidentified strains represent a new species as discussed below.
Two strains of C. sojae had Q-9 as the major ubiquinone and Q-8 and Q-10 as the minor components and could not be distinguished from C. tropicalis and C. albicans in this respect (Table 1) .
In the comparison of electrophoretic patterns of six enzymes, malate dehydrogenase, fructose-l,6-biphosphate aldolase, glutamate dehydrogenase, glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and fumarase, two strains of C. sojae exhibited the identical patterns from each other which are quite different from those of the type strains of C. albicans and C. tropicalis (Table 2 ). In addition, C. sojae demonstrated a mol % G + C of 30.9-31.2 which is 2-3% lower than those of C. tropicalis and C. albicans (Table 3) . These facts strongly suggest the distinctness of C. sojae from C. tropicalis and C, albicans at the specific level.
In order to confirm this suggestion, DNA-DNA reassociation experiment was carried out. As shown in Table 3 , two strains of C. sojae showed high DNA relatedness of 94-100% from each other. On the other hand, the similarity value found between C. sojae and C. tropicalis is 36-40% and that found between C. sojae Table   1 . Ubiquinone systems of strains of Candida sojae sp.
Candida tropicalis and Candida albicans.
nov., Table   2 . Comparison of electrophoretic Rm values of six enzymes from strains of Candida sojae sp. nov., Candida tropicalis and Candida albicans. DNA relatedness of strains of Candida sojae sp. nov., Candida tropicalis and Candida albicans.
and C. albicans is 26-33%. These facts clearly indicate the distinctness of C sojae from the other two species. The similarity value of 36-40%, which was found between C. sojae and C. tropicalis, is relatively high and might indicate the genetical relatedness of these two species. In this reassociation experiment, however, the similarity value found between C. sojae and C. parapsilosis, and that found between C. sojae and calf thymus DNA are higher than commonly obtained values (Table  3) . Probably, C. sojae and C. tropicalis are not so closely related. Commercially available factor antisera are routinely used in clinical field in Japan for the identification of medically important Candida species and Cryptococcus neoformans (teleomorph: Filobasidiella neoformans). Therefore, we investigated the reaction of C. sojae with factor antisera. In the slide agglutination test with factor antisera commercially available, heated cells of C. sojae agglutinated with antisera 1, 4, 5 and 6 but not with the other antisera (Table 4 ). This pattern is the same as C. tropicalis and C. albicans serotype A, though the reaction of C. sojae with antiserum 5 was weak. Weak reaction with this antiserum is sometimes found in C. tropicalis and C. albicans serotype A. Therefore, it is impossible to distinguish C. sojae from the latter two species by commercially available antisera. However, C. sojae is clearly distinguished from C. tropicalis and C, albicans serotype A when monoclonal antibody CA4-2 (4) is employed (Table 3) . Polyclonal antibody factor 6 serum is considered to contain other monoclonal antibodies in addition to CA4-2.
As discussed above, C. sojae, C. tropicalis and C. albicans serotype A showed similar or identical agglutination patterns with factor antisera commercially available. This may indicate the similarity of cell surface structures of these three species. Therefore, cell wall polysaccharides were extracted and purified, then their PMR spectra were compared (Fig. 2) . Alkali extracted purified polysaccharides from cells of C. sojae JCM 1644 and JCM 1645 are composed of mannose. PMR spectra of these mannans are quite different from those of C. tropicalis and C. albicans serotype A. Particularly, the spectra of C. sojae mannans lacked a signal Table   4 . Slide agglutination of heated cells of Candida sojae sp. nov., Candida tropicalis and Candida albicans with commercially available factor antisera and a monoclonal antibody Mab CA4-2.
at 4.84 ppm which was present in mannans from C. tropicalis and C. albicans serotype A. Probably, C. sojae has other antigen factors in addition to factors 1, 4, S, and 6, though those were not investigated in the present study. Practically, C. sojae can be distinguished from C. tropicalis and C. albicans by its inability to ferment maltose.
In addition, maximum growth temperature is helpful to distinguish C. sojae from C. tropicalis and C. albicans though the difference is little. Candida sojae cannot grow at 40°C but the other two species can grow at 41°C or higher temperatures (16) .
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